Streptococcus pneumononiae gyrase ATPase: development and validation of an assay for inhibitor discovery and characterization.
The rise in bacterial resistance to antibiotics demonstrates the medical need for new antibacterial agents. One approach to this problem is to identify new antibacterials that act through validated drug targets such as bacterial DNA gyrase. DNA gyrase uses the energy of ATP hydrolysis to introduce negative supercoils into plasmid and chromosomal DNA and is essential for DNA replication. Inhibition of the ATPase activity of DNA gyrase is the mechanism by which coumarin-class antibiotics such as novobiocin inhibit bacterial growth. Although ATPase inhibitors exhibit potent antibacterial activity against gram-positive pathogens, no gyrase ATPase activity from a gram-positive organism is described in the literature. To address this, we developed and optimized an enzyme-coupled phosphate assay and used this assay to characterize the ATPase kinetics of Streptococcus pneumoniae gyrase. The S. pneumoniae enzyme exhibits cooperativity with ATP and requires organic potassium salts. We also studied inhibition of the enzyme by novobiocin. Apparent inhibition constants for novobiocin increased linearly with ATP concentration, indicative of an ATP-competitive mechanism. Similar binding affinities were measured by isothermal titration calorimetry. These results reveal unique features of the S. pneumoniae DNA gyrase ATPase and demonstrate the utility of the assay for screening and kinetic characterization of ATPase inhibitors.